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© Method of forming medical devices. 



@ A method for making metal injection molded 
medical devices is disclosed. The method com- 
prises melt blending, injection molding, and 
sintering a granulated hardenable metal feed- 
stock. 
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FIELD OF THE INVENTION 

The pres nt Inv ntion relat s to a method of 
forming medical devices, and more particularly to a 
method of forming the working elements of surgical 
instrumentation. 

BACKGROUND OF THE INVENTION 

Jaws used for applying clips, grasping, dissecting 
and otherwise manipulating tissue are known. They 
are generally formed in the muitistep process of ma- 
chining metal blanks. 

Similarly, surgical stapling instruments are well 
known in the art For example, U.S. Patent Nos. 
3,499,591; 3,490,675; and 3,079,606, all of which are 
incorporated by reference, describe surgical stapling 
instruments for applying multiple rows of metal sta- 
ples sequentially to body tissue. 

Typically, such instruments employ a metal anvil 
member to form or crimp the staples. The anvil mem- 
ber possesses an upper surface with staple crimping 
depressions, or "pockets. 0 When the staples are driv- 
en into the anvil the legs of the staple enter the pock- 
ets and are crimped, thereby securing the body tis- 
sue. 

The anvil member is generally machined from a 
surgically acceptable strong metal alloy such as stain- 
less steel. Then the staple pockets generally are 
coined into the finished anvil with a press. Finally the 
pockets are coated to make the pocket more suitable 
for interaction with the staple. This is an expensive 
muitistep procedure which is not without fallouts in 
manufacturing anvils. 

Alternatively, the pockets may be formed by elec- 
trical discharge machining. This process involves 
burning the pockets into the anvil with a copper elec- 
trode. This too is an extremely cost inefficient proc- 
ess. In order for the electrode to burn the pocket in 
the blank anvil, the electrode must be heated to a 
temperature that also causes the electrode itself to 
burn, requiring a new electrode for every anvil man- 
ufactured. 

An anvil typically experiences pronounced forces 
when staples are advanced into contact with the sta- 
ple forming surface thereof. Anvils adapted for use 
with linear staplers of the type disclosed in U.S. 
3,490,675, for example, may tend to bend, splay or 
otherwise move out of cooperative alignment with the 
staple cartridge in response to such forces. Steps 
have been taken to strengthen the anvils to resist 
such forces, e.g., by increasing wall thicknesses and 
the like, and/or to provide alignment means as descri- 
bed in U.S. 5,014,899. 

However, the options available to manufacturers 
of surgical staplers which employ anvils become even 
more limited when the stapler is adapted for endo- 
scopic use. In such cases, the anvil must be config- 



ured and dimension dt pass through an ndoscoplc 
guide tub which typically has an inside diam t rof5 
to 15 mm. Thus, the anvil typically exhibits a half- 
moon cross s ction and may be adapted to form n 
5 or more staple lines, e.g., from 15 to 60 mm in length. 
Such anvils must exhibit tremendous strength and be 
manufactured to close tolerances. 

SUMMARY OF THE INVENTION 

10 

The present invention provides a more econom- 
ical and accurate method to produce these medical 
devices. 

In one of its aspects, the present invention pro- 
fs vides a method of producing anvils for surgical equip- 
ment allowing for limited dimensional tolerances by 
employing a metal injection molding process which 
comprises melt blending a feedstock comprising met- 
al powders having an average particle size up to 
20 about 10 microns with thermoplastic binder material 
to form pellets, which are then heated to a fluid state 
and injection molded in a mold configured and dimen- 
sioned to form a "green" molded part in the shape of 
an anvil. A majority of the binder is then removed and 
25 the part sintered. 

In another embodiment, the present invention 
provides a method of producing jaws used for apply- 
ing clips, grasping, dissecting, cutting and otherwise 
manipulating tissue allowing for limited dimensional 
30 tolerances by employing the above metal injection 
molding process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 is a perspective view of an anvil member. 

Fig. 2 is a sectional view of the anvil showing the 
staple crimping depressions or pockets. 

Figs. 3 - 5 illustrate top, bottom and side views of 
an alternative anvil, respectively. 
40 Fig. 6 is a plan view of an upper member of a 
{ grasper mechanism. 

Fig. 7 is a plan view of a bottom member of a 
grasper mechanism. 

45 DETAILED DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 illustrate an anvil member of the 
type commonly used in surgical stapling instruments. 
Anvil 10 is an elongated member having a distal pos- 

so ition 11 with an upper staple forming surface 14 and 
a proximal portion 12. The staple forming upper sur- 
face 14 includes a plurality of staple crimping depres- 
sions or pockets 13. A knife slot 15 extends length- 
wise along the upper surface 14 to permit longitudinal 

55 movement of a tissue cutting knife blade (not shown). 

Figures 3-5 illustrate an anvil member of the type 
commonly used in endoscopic surgical instrumenta- 
tion of the type disclosed in commonly assigned U.S. 
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tion of the metal injection molded parts of the present 
inv ntion. It should be noted that th inv ntion is not 
limited to the specific details embodied in the exam- 
ples and further that all parts are by weight 

Example 1 

A feedstock was made by extruding granulated 
Fe-2% Ni Steel having an average particle size of up 
to about 10 microns commercially available thermo- 
plastic binder of about 60% polyethylene and about 
40% wax. This feedstock was then heated until vis- 
cous enough to be injected into a mold configured and 
dimensioned to form a "green" part in the shape of an 
anvil 20 described above, absent the staple crimping 
pockets. This "green" part had its major axis three in- 
ches in length. The "green" part was then placed in a 
vacuum oven. The oven was heated to remove the 
thermoplastic binders. The part was then sintered in 
the same oven. 

Example 2 

The procedure of Example 1 was repeated except 
the mold was configured and dimensioned to create 
an anvil member having rectangular staple crimping 
pockets. 

Example 3 

The procedure of Example 1 was repeated except 
the mold was configured and dimensioned so as to 
create an anvil member having a major axis of 7 in- 
ches in length. 

Example 4 

The procedure of Example 3 could be repeated 
except the mold could be configured and dimen- 
sioned to create an anvil member having star shaped 
staple crimping pockets. 

Example 5 

The procedure of Example 1 may be repeated ex- 
cept that the mold could be configured and dimen- 
sioned to create a "green" part In the shape of a 
grasping member described above. 



Claims 

1. A method of forming a medical device compris- 
ing: 

a. melt blending a feedstock, comprising a 
hardenable metal with a thermoplasic binder 
materia); 

b. injection molding the feedstock in a mold 



configured and dimensioned to form a medi- 
cal d vice; 

c. removing a majority of the binder material; 
and 

s d. sintering the medical device. 

2. A method according to claim 1 , wherein the melt 
blending process is reactive extrusion. 

10 3. A method according to claim 1 or 2, wherein the 
binder is removed by a solvent 

4. A method according to claim 3, wherein the sol- 
vent Is selected from chloroform, methylene chol- 

15 oride, acetone, xylene, OMF and DMSO. 

5. A method according to claim 1 or 2, wherein the 
binder is removed by thermal means. 

20 6. A method according to claim 5, wherein the ther- 
mal means comprises a vacuum oven heated 
from about 1000 to about 2500 degree C. 

7. A method according to any one of the peceding 
25 claims wherein the metal has an average particle 

size of up to about 10 microns. 

8. A method according to any one of the preceding 
claims wherein the medical device is in the shape 

30 of an anvil. 

9. A method according to claim 8, wherein the anvil 
has a blank surface. 

35 1 0. A method according to claim 8, wherein the mold- 
ed anvil has pockets on its face configured and di- 
mensioned to accept a staple. 

11. A method according to claim 10, wherein the 
40 pockets are configured in the shape of a rectan- 
gle. 

12. A method according to claim 11, wherein the 
pockets are configured in the shape of a star. 

45 

13. A method according to any one of the preceding 
claims wherein the medical device is in the shape 
of a grasping member. 

so 14. A method according to any one of the preceding 
claims wherein the part is elongate, with a length 
in a range of from about 8 to 18 cms (3 ot 7 in- 
ches). 
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(54) Method for making at least partially porous implants by precision powder injection molding 



(57) An implant component adapted for bone at- 
tachment or replacement is molded from a feed stock 
which contains a soluble major binder, a backbone bind- 
er and structural powder material. After the feed stock 
is injection molded to form a compact or preform, the 
major binder is removed from the green article, leaving 
a structure of interconnected porosity or texture, while 
the backbone binder remains until the component is sin- 
tered. Preferably, the amount of the soluble binder is set 
to increase the porosity, or reduce the stiffness, of the 
finished component, thus introducing a biocompatible or 
growth-enhancing level of porosity or stiffness during 
the molding process. In further or alternative embodi- 



ments, the component may be injection molded onto or 
about a solvent-teachable spacer preform and/or adja- 
cent to another injected or molded portion of the com- 
ponent which serves as a structural body, frame or shell. 
In these cases, all or a part of the molded portion may 
be formed with a conventional precision powder molding 
feed stock to achieve a high packing density/low shrink- 
age frame or support for the spacer preform or additional 
porous molding. The invention also includes construc- 
tions wherein the component body is injection molded 
against or about a support core or plate to form a hybrid 
article. The resulting implant component is unitized by 
the sintering process into a single article having the de- 
sired dimensions, strength and porosity. 
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Descripti n 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to implantable s 
prostheses, such as structures or shaped articles to re- 
pair or replace bones, joints or hard skeletal parts. Arti- 
cles of this type have traditionally been fabricated from 
strong or durable and biocompatible materials, using 
one or more manufacturing processes such as casting, 
forging, machining, coating and other industrial steps to 
form, shape and finish the article. 
[0002] Precision powder injection molding (PPIM) is 
a recent refinement of metal injection molding (MIM) 
technology, a process that allows wet shaping of mate- 
rials ranging from low carbon steels to intermetallic com- 
pounds, including traditional ceramics, high tempera- 
ture ceramics, and refractory metals. The PPIM manu- 
facturing technique is applicable to a wide variety of ma- 
terials and uses, and has been applied to or is applicable 
to a large spectrum of specific manufacturing tasks, in- 
cluding the manufacture of tools, microelectronic pack- 
ages, mechanical components of firearms, automotive 
components, and biomedical instruments. This technol- 
ogy has the potential to take MIM into a new era in terms 
of low manufacturing cost, achievable tolerances and 
component sizes, part-to-part consistency, and environ- 
mental friendliness. Presently, the process involves 
compounding the solid powder or powders which are the 
basic constituents of the finished part with a fluid or plas- 
tic carrier that enables the powdered material to flow for 
injection molding, and to maintain a stable shape when 
molded so that the intermediate part or compact can un- 
dergo further processing. The injection molding feed 
stock generally contains water soluble binder materials 
which are later dissolved out, and other, plasticized ther- 
moset binder materials which remain, thus allowing the 
component to retain its shape until final sintering. These 
binder materials may also be selected to alter surface 
properties of constituent metal powders or to affect their 
chemistry, in addition to enhancing the flow of feed 
stock, the ultimate packing density of the solids and the 
dimensional stability of the molded green part. The pow- 
der constituents themselves may be selected with size, 
shape or elemental composition in a manner to increase 
solids density, improve alloying temperature, or other- 
wise improve characteristics such as strength, precision 
and ease of manufacture. 

[0003] In the field of medical prostheses, porous coat- 
ings have previously been used on implants to improve 
cement fixation, and /or to provide a texture adapted for 
the ingrowth of new bone, so as to enhance the long- 
term fixation of the implanted device in position. Con- 
ventional approaches to creating and attaching a porous 
coating often involve locally attaching small features 
such as beads or powders, by techniques such as sin- 
tering, flame spraying, co-casting or welding; or they in- 
volve creating a porous region of the device by tech- 



niques such as etching or machining, or attaching a sep- 
arate previously textured plate. 
[0004] Cost is a major concern in the creation of such 
surgical components, and additional process steps such 
as sintering of a porous coating onto an implantable 
prosthesis add time and production costs to the product 
delivery. High temperature sintering can also degrade 
physical properties of the material which forms the body 
of the prosthesis. Moreover, the design of ingrowth ge- 
ometries is limited by the powder particles utilized. Ce- 
ramic composites made by this approach use relatively 
large, e.g., 10-50 micron, agglomerates of polymer- 
coated inorganic particles. These agglomerate powders 
may spread into uniform layers and fuse to yield porous 
green parts that have relative densities near 50%, thus 
providing deep or internal connective passages, and 
having sufficient strength to be handled and shipped. 
This ability to create a structure of interconnected pores 
in a bioceramic body may be used for fostering bone 
growth, or for implementing hybrid constructions such 
as metal matrix/ceramic bodies which combine the wear 
propertied ceramic with the strength or toughness of 
metal for prosthetic implants, such as artificial hips. 
However, these hybrid porous structures can be difficult 
to manufacture. 

[0005] In prior art PPIM systems, powders and bind- 
ers are mixed to form the feed stock which is to be pow- 
der injection molded. The feed stock production is the 
most important step in the powder injection molding 
technology, and if components are manufactured from 
inferior feed stock, it will be difficult, if not impossible, to 
produce consistent components of high tolerance with- 
out resorting to secondary or further processes such as 
coining or machining. Thus, feed stock homogeneity 
and compositional accuracy are a major challenge for 
manufacturers using powder injection molding. Prob- 
lems with components such as cracking and non-uni- 
form shrinkage which arise during de-binding and sin- 
tering can often be traced to faulty feed stock formula- 
tion. However, the compounding of a feedstock is gen- 
erally directed to these two major problems, which are 
addressed, for example by generally employing relative- 
ly small amounts of binder so that the molded article has 
a high density of solids, or is addressed by employing 
carrier portions that allow the use of smaller solid parti- 
cles, thus increasing both the local uniformity and the 
packing density of the green article. 
[0006] Conventional practice in powder injection 
molding is that powders having the elemental composi- 
tion of the desired final product are mixed with a binder 
mixture and possibly various conditioners or additives 
to form the feedstock. The binder may be a heteroge- 
neous mixture containing two primary components. The 
first component of the binder, also referred to as the ma- 
jor component, is typically a polymer component such 
as a wax or a water soluble polymer material, that pro- 
vides, in part, a flowable, plastic or lubricating medium 
to facilitate the transport of the powder into the mold. 
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The major component is also typically selected to pro- 
vide good motdability and to be easily removed during 
the de-binding phase. Some suitable binder compo- 
nents of this type may be polymers of acrylic or meth- 
acrylic acid, acrylamide, vinyl acetate, ethylene glycol s 
and various block polymers or copolymers. The second 
component of the binder, also referred to as the back- 
bone component, is generally added in a lesser amount 
to provide strength or adhesion of the solids, i.e., to as- 
sure that the molded compact retains its shape after 
molding, while the first component is being removed and 
until the molded part is sintered. The backbone compo- 
nent may, for example, be a plasticized thermosetting 
organic material. This material may be removed later, 
just before the powder particles start to sinter, for exam- 
ple by baking out, by pyrolysis or catalytic breakdown, 
by chemically reactive removal or even by combination . 
with the powder constituents near the sintering temper- 
ature. The result is a strong molded component, which 
sinters to form a finished part of precise dimension and 
improved strength. Further specific aspects of powder 
injection molding as well as suitable binder materials for 
feed stock formulation and other materials for coating of 
feed stock powders or enhancing binder behavior during 
the mixing, injection, mold separation or debinding pro- 
cedures, are discussed in the following U. S. Patents 
and the texts referred to therein: U.S. 5,691 ,920; 
5,639,402; 5,627,258; 5,531,958; and 5,421,853. 
[0007] However, to applicant's knowledge, compo- 
nents made by precision powder injection molding are 
generally solid bodies of relatively dense material. The 
creation of texture in such a body would appear to re- 
quire the use of a texture-patterned mold surface in the 
original molding step. The provision of such a pattern 
on the mold surface might prevent removal of the mold- 
ed article from the mold, and even if this approach were 
found to be feasible, it would be useful for only a limited 
range of texture dimensions and shapes. Another ap- 
proach to texturizing could perhaps be implemented by 
steps of separately attaching to or machining a texture 
region on an article molded by PPIM, although this 
would result in a more costly manufacturing process. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention addresses the limita- 
tions of the prior art by providing a prosthetic or implant- 
able device component and a method of making the 
component, wherein a desired surface texture or pore 
structure is created in an implant body by forming the 
body as an injection molded powder compact having a 
soluble component distributed in communicating mean- 
ders between powder particles, removing the soluble 
component, and sintering the molded compact. Prefer- 
ably, the soluble component is a major binder compo- 
nent which enhances powder flow for molding, and this 
component is present in a sufficiently large quantity to 
achieve a biologically conducive porosity in the article 



so formed by the solids/powder component. A lesser 
quantity of backbone binder is added to the feed stock, 
and provides strength in the molded compact, remaining 
until sintering. In another embodiment, the soluble com- 
ponent initially is introduced as a solid component in the 
form of a sacrificial spacer preform, such as a screen or 
grid, which is made of a soluble material, such as a sol- 
uble hydrophiiic polymer material. In that case, the body 
is injected molded onto or about the spacer preform, so 
that when the spacer is dissolved from the molded part 
it leaves a network of intercommunicating pores or pas- 
sages at the surface of the body. The soluble compo- 
nents or removable binder components of the feed stock 
in accordance with this aspect of the invention may con- 
stitute from several percent to fifty per cent or more of 
the feed stock, and one or more large grain powders or 
solids may further be employed to achieve a loose pack- 
ing density that assures or further enhances the open 
structure or porosity of the molded compact. By employ- 
ing high levels of binder, optionally with coarse, granular 
or poorly-packable powders, an open pore or coarse 
texture compact is molded. 

[0009] After molding, the compact is treated to re- 
move the first binder component, to remove the second 
binder component, and to sinter it. Upon sintering, the 
dimensions of the pore structure of the compact shrink, 
creating finer pore structures. The construction also 
lends itself to the creation of implant articles with a mod- 
ulus or bending stiffness modified by a reduced solids 
density. The invention also contemplates the fabrication 
of prostheses wherein a first portion of the prosthesis is 
formed of a high solids density feed stock, and a second 
portion is formed of a porous, texture-forming or lower 
solids density feed stock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] The foregoing features of this invention, as well 
as the invention itself, may be more fully understood 
from the following description and illustrative drawings, 
in which: 

Figure 1 A is a conceptual cross-sectional view illus- 
trating a prior art precision powder injection molding 
feed stock; 

Figure 1B is a corresponding view of a feed stock 
of the present invention for forming a textured im- 
plant component; 

Figure 2 is a schematic view in section illustrating 
one method of the present invention for forming an 
injection molded texture implant component; 
Figures 3 and 3A are schematic cross-sectional 
views illustrating another method of the present in- 
vention for forming an injection molded texture im- 
plant component; 

Figure 4 is a schematic cross-sectional view illus- 
trating another method of the present invention for 
forming an injection molded texture implant compo- 
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viding binder ingred.en s that p tas cjze ^ jn 

the feed «x» .materia. ■ ^ ^^ucthassul. 
jection molded, and so that the moioe p 

rier or binder .ngred.ents, as noteo tfength . 

a soluble ^ orc ^ltm2tolse skilled in 
ening component as will be fam> «rtoth 
the field. Further, by tub ncat^ or incraas- "9 
URy of the feedstock, *^£Lpui*oI 
10 0% may be attained, ^eat^uc.ngfte 

ma y also be employed, ™P™"9 of the aHoying 
sity and the uniformity of compos.t on 
which may occur upon «^™£™ ABi so the 

rnoldingtechnologyhasve^ yjew 
Sr-TSS— or chemical 



atively large gra.ns of a steel comp ^ g 

hardness or wear strength and smalie i ^ 
glass or alloying component tc > improve a 

may also be all of the » Jjjjjj densrty ol the 

employed to ^£"£!^J£L*^ « 
molded article rather than to aflect ns 

,o der pressure, so the "J"" 1 m tne ca rrier or 
between particles • entirely '"^J-^desafluidor 
binder 10, which, as d.scussed abovejnc 

of a backbone or strengthene suDs^n ^ 
,5 other substances, which in the Rgure 

sehemattoally as a thin "^Jjjji binder 
some of the powder parWtoj. rtion of the 

: o occupies a relative* small or MP 

20 underten percent ot tne crow powders 
h a representative ""^^^^w^ 
achievegoodparticle-topartclec^tact^ « 

al of binder and sintering of "^£££3 only minor 
2 s emptyspacebe^gpresent^^ 

present in the feed stock. f the 

30 present invent, ePP 1 '^"™, s tock wherein the feed 
from an injection molding feed solub)e 
stock is compounded of sol passage s 
binder to impart a P°^ ^n general the sol- 
tothe solid article of the feed 

35 ub le binder forms a «*^25 to leave a corn- 
stock, and is removed pno to «9 whj|e in 
pact article of sponge or JJ, done with a 

ft* H^IB-— J— S —Tor 
45 forming prosthetic 'rnplan^ As includjng a 

stock has a generally unrfornv ^"P^ n binde( lflP 
binder 10' and ^J^^^M propor- 
constitutes a generally la 9 er ™ n nt or m ore, 

ton, between about ten tc .abotf f«yP«. ^ 
so of the cross-sectional area , o I the to * st ^ 

m0 ri SeTweS £Er pa^es. This 
maSS9Sa r^ example by providing correspond- 
maybe achieved, for example yn dgjock, or, 
ingly high proportions of binder «*• 1 

5 s equivalent* reduced ^ ^ ^ s oneor more 
maybeturmerenr^cedby^^g. aving 
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1ms aspect ofthe invention, acofflro sintered 

icTingrowth, and/or red mold ing poros- 
Siscreatedby ^«eed stock comp » may als0 

be implemented by n n» P« {om , ng tne com- 
or spacer elements. In eacn wnnsic ^ e x- 

tureol atleastaportrondthe oooy . fed ^ « 
a complicated S^J'^tedinacost-effectrve 
trough body depthte^'sa^ ^ * 

banner. In further jrfoJJ* ^ ^ prosthetic art, 
,eed material may be employ . ^ 1S 
cle s in which the P° re h ^ g Ur J ltt , de pth or location, 
oraded or discretely cnan9 £ 9 b i oW assumes a general 
?n£m While the discuss© " be ^.; . tne molding 

process to the crea . '^templates several new ap- 

open compact, aPP'^^ton. As af.rst matter, the 
^hestoleedstocktotmu^ bly con1 

?eed stock of applican ts P r * lebinder component 
po U ndedtohavethema,o .o .s^u d s . 

'present in perspectfve of powde 

Viewed trom the comp ! e ^solids contact to an extent 
packing, this requiresthaUhesol^ , 

5*1 leaves interconnect £ spa ^ embodime nt 
Jed with binder. Th.s the , ee d stock with 
o1 me invention by ^ u d n * 9 es tna t result in poor 
powders having shapes * ndst *e ^ „ 

'packing, so that relate* W£ ding on the 
Nicies to form pores or passag ^ may b9 

intrinsic flow properties of the J) ^ ^ 
Tne without substantia^ *-J ^ in a basic 
binder component J im* ^ing the feed stock wim a tow- 
embodiment by compound ng t der/binde r ratio 
erpercentageofpowderoratowe P cWng ^ 
th an the level which th th^Jt H ^ ^ sp 
he powder indicates is requu* ^ ^ 

'shaped solids" emulation. Vanous re^ 

solids or fat binder" teeo s. example, mix 

Sements of the first W"**^* assure inefficient 
Sferent size or shape P°^ c grai ns with smaller 
packing, such as moung large b 9, d and grain- 
spherical powders ,. « ^ a 9 ^r level o1 interfitung of 
shaped powders to assure ^ assurin g the 

th e solids. Applican also con H a ^ 

oresence of binder-tilled spaces y ^ me 



nent during sintering. j^rates both the 

s 00181 Figure 2 Jj^.**-^^ 

thetic component in a [ ,rs *!T acr oss sectional v.ew of 
?W Figure illustratively shows a xro mokJ „ 

Jja* 20 within ^.SnTshavingfirstandsec- 
,o ^W^^jSSi sealtogethetmawell 
^ri^ertodefmeac^ 1eed8t ^ 

Sal component B, on p? •) 3 to result in that portion 

otthecompletedmolding W d areas . The 

Ten sintered in the jjjjj raised pla te, which 
Xstratedprosthes^ccmp^en ^ 

hus enjoys the P^ e ^porous upper portion, 
2S sion lower fitting surt ^;^ the r and are then sintered 

process and little 9°n e fTf ^ B portions may be 
easterns employed for the and P^ ^ ^ „ 
30 Sly compatible with each o^e « ^ mold ^ y 
helproportionsofcomponen^F ( etracta bleo 

lei-^^^'SSon. which are po» 
selectively inserted 8 P ac * Juration, tor example, 

35 totempomriWlillorb^ 
35 ^atertoconstitute 

lorming *B" matenal. Th h a»ows ^ con . 

tinuing iniection of automated sequence^ 

40 formed in the ^ a method and com^ 

(0019) Figures 3 and 3A ■ 6rnbo diment of the 

LentionJna«»rdanca^.s ^^^.p^- 
Mor teed stock utilized for form ny stock 80 

45 SSh dense, 

e ver, the feed stock ,s molded la ^^ctured 
30, shown in ^.^g*- porosity. The spacer 
in a shape to ,mpa f ^-soluble or 
50 preform is formed of a wate ^ ^ ma 

movablepotymerma^.^^ ^i as the first lead stock 

binder component. Aftertheamc ^ and me 

spacer, the article is removed ^ ^ ^ e 
ss spacer is removed *™£j£S«h- de binding of the 
fme as, or in a ^^jcture in the molded a. 
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Lure prosthesis body 3& «m ler sur lace oi 

32 th °; Sn removed in the deeding 

™ v. Figure 4 shows yet an tion mold is 

SentSt. in this «*o*jJ Jfl* passages 

40a for injecting ^ d hW passages 40b to 

P orised ot a previously made. ~ P ^ wthm me 
such as a support column or p» ^ strength 

lm or Plate injection moldjhe J us or tex- 



* 9 k ac the circumter- 

ential ridge 44a, to ,«ju» » on the component 
feed stock tills an identities ' ' a , com ponent, or 



30 Claims 



35 



pssssssass 

component s0 lvent-remova- 

bte binder, andth mW ° P d stock wl th 

stock diodes Prepanng th ^ 

said major binder jpj«« ^ t n . 
M "P™ r ritltelotporosity or bending 

uoduc e abiolog-caHeve^ op component , 

stiffness in the component s, 

such that mowing oi thjim co(Tipon ent 



50 



65 



ana tini^ — 

, »u e cteo o1 molding 

srs? .is- - 
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spacer component. component. 

4. The method of claim 3, further comprising the step 
of removing said major binder and said solvent 
leachable spacer component. s 

5. The method of claim 4, further comprising the step 
of sintering the molded implant component, said 
step of sintering being performed after said step of 
removing. to 

6. The method of claim 1 , further comprising the step 
of sintering the molded component, and wherein the 
step of molding is performed to form said molded 
implant component having a size substantially is 
greater than a desired size of said component after 
sintering. 

7. The method of claim 2, further comprising the step 

of sintering the molded component, and wherein the 20 
step of molding is performed to form said molded 
implant component of a size substantially greater 
than a desired size of said component after sinter- 
ing. 

25 

8. The method of claim 1 , wherein the step of molding 
the feedstock to form a molded implant component 
is performed by 

molding a portion of the implant with a PPIM 30 
feedstock having a solids packing density 
above about ninety percent to form a precision 
implant body part, and 

also molding a further portion of the implant ad- 
jacently with said precision implant body part to 3s 
introduce said biological level. 

9. A method of forming an implant or part thereof, such 
method comprising the steps of 

40 

preparing a feedstock comprising at least a ma- 
jor binder, a backbone binder and a structural 
powder, and 

molding the feedstock to form a molded implant 
component having a biologically conducive po- 45 
rosity or stiffness 

wherein the major binder is a solvent-remova- 
ble binder, and the step of molding the feed- 
stock includes the step of molding the feed- 
stocktogether with a solvent-removable spacer so 
in a mold cavity to form a molded article incor- 
porating the spacer such that removal of said 
spacer and major binder, and sintering the 
molded article introduce a biological level of po- 
rosity or bending stiffness in the molded implant ss 
component, whereby molding of the implant 
component simultaneously determines the 
shape and said biological level of the implant 
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FIG. IB 
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FIG. 3A 
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FIG. 5 
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